Group B Streptococcus (GBS; Streptococcus agalactiae) is an important cause of sepsis and meningitis. Nine GBS serotypes, based on capsular polysaccharide (CPS) antigens, have been described. Their distribution varies worldwide and needs to be monitored to understand the epidemiology of GBS disease and inform the development of vaccines. In this study, we sequenced cpsH of GBS serotype II (cpsHII) and compared it with that of the other eight serotypes to identify serotype-specific regions. We then developed a DNA microarray based on the cpsH gene and used it to test 88 GBS isolates-9 serotype reference strains and 79 clinical isolates-and 7 other bacterial and fungal species which are commonly present in the vagina flora. The microarray was shown to be specific and reproducible. This is the first report of a microarray which can identify the nine GBS serotypes. The use of a microarray has advantages over traditional serotyping methods and will be of practical value in both reference and diagnostic laboratories.
Group B Streptococcus (GBS; Streptococcus agalactiae) is an important cause of sepsis and meningitis in neonates and infants and of invasive disease in pregnant women, nonpregnant, presumably immunocompromised adults, and the elderly (8, 22) . Capsular polysaccharide (CPS) is external to the grampositive bacterial cell wall and enables the bacterium to evade host immune defenses. CPS is essential to the virulence of GBS, and serotype-specific antibody is protective. Therefore, it is the target for most experimental GBS vaccines. Nine distinct CPS serotypes (Ia, Ib, and II to VIII) have been described (12, 13) , and their distribution varies worldwide. For example, serotypes Ia and III have been reported to be the predominant ones in the maternal genital tract in the United States (2, 7), China (23) , Germany (9) , and Australia and New Zealand (16) . In Korea, serotype Ib is most common (25) , and in Japan serotypes VI and VIII are predominant among GBS isolated from pregnant women (18) . Epidemiological studies of GBS are important for the development of GBS vaccines that are suitable for all geographic areas. Therefore, a convenient and rapid method to identify all nine GBS serotypes would be useful.
Many GBS serotyping methods have been reported previously, including immunoprecipitation (26) , enzyme immunoassay (14) , coagglutination (11) , counterimmunoelectrophoresis and capillary precipitation (24) , latex agglutination (27) , fluorescence microscopy (6) , and inhibition enzyme-linked immunosorbent assay (1) , and antisera are necessary for most of these methods. Commercial antisera are expensive and available for only six serotypes (Ia to V), which does not satisfy the needs of traditional serotyping methods (1) . Moreover, serotyping is often subjective, and a significant proportion of isolates are nontypeable. Molecular typing methods, such as pulsed-field gel electrophoresis (20) and restriction endonuclease analysis (19) , have also been used for epidemiological studies, but they do not directly identify serotypes and are generally time-consuming and expensive.
A previous report, based on analysis of cpsH in GBS serotypes Ia and III (3), suggested that cpsH, which encodes CPS polymerases, was serotype specific in bacteria which produce complex polysaccharides. We have developed a molecular serotyping method based on PCR and sequencing of various genes in the cps cluster, including cpsH, which has been recently adapted to a more practicable multiplex PCR and reverse line blot assay format, targeting serotype-specific sequences (16a). Sequences of cpsH for all GBS serotypes have been deposited in GenBank (see Table 2 ). Sequence alignment shows that the cpsHII (GenBank accession number AY375362) and cpsHIII (AF363056) sequences are identical, which is inconsistent with the different CPS structures of these two serotypes (4, 17) . Therefore, we sequenced another cpsHII strain in preparation for this study, in which we developed a DNA microarray, based on serotype-specific sequences of cpsH, for identification of all GBS serotypes.
DNA microarray is a newly developed technology used for the detection of pathogens and is rapid and sensitive. It consists of four steps: extraction of genomic DNA, amplification of targeted DNA, hybridization of labeled DNA with oligonucleotide probes immobilized on a microarray, and results analysis. We believe it has significant advantages over other methods for routine serotyping of GBS.
MATERIALS AND METHODS
Bacterial strains. Nine GBS reference strains, 79 GBS clinical isolates, which were isolated in different countries between 1994 and 2001, and isolates of 7 other bacterial and fungal species, namely, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pneumoniae, Escherichia coli, Lactobacillus acidophilus, Lactobacillus delbrueckii, and Candida albicans, were used in this study ( Table 1 ). All of the GBS isolates had been previously characterized by conventional and molecular serotyping (MS) as previously described (15) .
The GBS isolates were inoculated into Todd-Hewitt broth (10.0 g/liter beef heart infusion, 20.0 g/liter tryptone, 2.0 g/liter glucose, 2.0 g/liter sodium bicarbonate, 2.0 g/liter sodium chloride, 0.4 g/liter disodium phosphate [pH 7.8 Ϯ 0.2]) and incubated overnight at 37°C.
Sequence analysis. Sequencing of cpsHII was carried out using an ABI 3730 automated DNA sequencer. Two primers, wl-3401 (5Ј-GATTGTTATCACACA TGGC-3Ј) and wl-3402 (3Ј-ATATATTTTTTTCA/GTAA/TTAACC-5Ј), were used to amplify the gene, and the amplicon is 1,881 bp. The sequence data used in this study for cpsH of other serotypes were obtained from GenBank with the following accession numbers: AF332905, AF332906, AF363037, AF363044, AF363045, AF363053, AF363054, and AY375362. Sequence alignment and comparisons of cpsH sequences of all nine GBS serotypes were performed using the ClustalW program (http://www.ebi.ac.uk/clustalw). The phylogenetic tree was generated using Mega 3.
Serotype II-specific PCR. Because of differences between our cpsHII sequence and the one available in GenBank (accession number AY375362), we designed three serotype II-specific primer pairs based on our sequence and two pairs based on the original sequence. We then tested the 10 serotype II strains in our collection by PCR and identified the products by gel electrophoresis. Primer sequences are shown in Table 2 .
Genomic DNA extraction. Genomic DNA extraction was performed as follows. Overnight broth cultures (1.5 ml) were centrifuged for 10 min at 3,000 ϫ g. The deposit was resuspended in 500 l of SET (75 mM NaCl, 25 mM EDTA, 20 mM Tris [pH 7.5]). Lysozyme (50 mg/ml) was added to the tube, and after incubation at 37°C for 2 h, 1/3 volumes of 5 M NaCl, 1/10 volumes of 10% sodium dodecyl sulfate (SDS), and 0.5 mg/ml proteinase K were added. Tubes were incubated at 55°C with occasional inversion for 2 h, then 1 volume of chloroform was added, and the tubes were centrifuged at 4,500 ϫ g for 15 min twice to purify the DNA. The resulting supernatant was transferred to a new tube, and 1 volume of isopropanol was added. Tubes were held at Ϫ20°C for 20 min and then centrifuged at 4,500 ϫ g for 10 min. The aqueous phase was discarded, and the remaining contents were rinsed with 70% ethanol and dried at 37°C. Purified DNA was dissolved in 30 l Tris-EDTA and stored at Ϫ20°C.
Multiplex PCR. Based on analysis of cpsH sequences of all nine serotypes, primer pairs suitable for multiplex PCR were designed. From 69 primers initially tested, 13 were chosen (Table 2 ) based on testing of 60 GBS isolates (9 serotype reference strains and 51 clinical isolates [ Table 1 ]). These 13 primers include a universal forward primer for serotypes Ia to VII targeting cpsG, which apparently encodes N-acetylglucosaminyl transferase (21) and is conserved in all serotypes except VIII (4). The forward primer for serotype VIII targets cpsHVIII. Serotype-specific reverse primers were designed for each of the nine serotypes as well as a pair of primers targeting the GBS species-specific gene cfb. The PCR products range from 240 bp to 1,310 bp in length.
For multiplex PCR, DNA was prepared as above, and 50 to 100 ng was used as a template in a final volume of 50 l of PCR mixture containing the following: 1ϫ PCR buffer (50 mM KCl, 10 mM Tris-HCl [pH 8.3]); 0.5 mM MgCl 2 ; 200 M concentrations of dATP, dCTP, dGTP, and dTTP; 42 nM each of two primers based on the cfb gene (housekeeping gene of GBS); 140 nM each of 11 other primers; and 0.03 U Taq DNA polymerase. The PCR cycle was performed with the initial denaturation at 95°C for 10 min, followed by 30 cycles of 95°C for 30 s, 55°C for 45 s, and 72°C for 1 min, and concluding with a cycle of 72°C for 10 min.
Labeling of the targeted DNA. For labeling of PCR products, multiplex PCR mixtures contained 1ϫ PCR buffer (50 mM KCl, 10 mM Tris-HCl [pH 8.3]); 0.8 mM MgCl 2 ; 334 M concentrations of dATP, dCTP, dGTP, and dTTP; 187 nM each of 10 reverse primers; 0.25 nM cyanine dye Cy3-dUTP; and 0.05 U Taq DNA polymerase complemented to a final volume of 30 l with amplified multiplex PCR products from the above amplification step. The PCR cycle was performed with the initial denaturation at 95°C for 10 min followed by 35 cycles of denaturation for 30 s at 95°C, annealing for 45 s at 50°C, and extension for 1 min at 72°C, and cycling was concluded with a final elongation for 10 min at 72°C. All labeled DNA was purified in refining tubes (Millipore Co.) and then stored at Ϫ20°C in the dark.
Oligonucleotide probe set and microarray construction. Probes used in this study were designed using Oligoarray 2.0 and synthesized with a 5Ј amidocyanogen modifier, and 15 poly(T) oligonucleotides were added. From 178 probes tested, 35 were selected based on preliminary testing of 60 GBS strains representing all serotypes (Table 3) . Glass slides, modified by an aldehyde group, were purchased from CEL Corporation. There are four arrays on each glass slide. The construction of a single array and the meaning of each spot are shown in Fig. 1 . Oligonucleotide 
Clinical GBS isolates used for blind testing of the microarray (n ϭ 28) IV Signal detection and data analysis. The hybridized microarray was scanned with a 532-nm laser beam using the biochip scanner LuxScan-10K/A (Capitalbio Corporation) using the following parameters: laser intensity, 80%; photomultiplier tube gain, 70%; scan resolution, 5 nm.
Nucleotide sequence accession number. The DNA sequence of cpsHII has been deposited in GenBank under the accession number DQ234264.
RESULTS
Sequencing and analysis of cpsHII. The sequence we obtained for cpsHII from the GBS serotype II reference strain (Table 1 ) was significantly different from that previously deposited in GenBank (accession number AY375362). All 10 GBS serotype II strains tested by PCR produced amplicons of the expected length with primers (wl-4184, 5Ј-ATACAGGTG TTTACAGGGAC-3Ј; wl-4185, 3Ј-GATAAATAGATGGCA AAGAA-5Ј; wl-4186, 5Ј-TAGGGAGTAGGAAGATAGC-3Ј; wl-4187, 3Ј-TAACGCTACAAATCAAACA-5Ј; wl-4184, 5Ј-A TACAGGTGTTTACAGGGAC-3Ј; and wl-4188, 3Ј-GCTTT CAATCACGTCCTAGT-5Ј) based on the new sequence but not with those based on the original sequence. These results confirm that the original sequence of cpsHII was incorrect.
Analysis of cpsH sequences of all nine GBS serotypes. Sequence alignment of cpsH sequences of all nine GBS serotypes showed that they fell into five groups (Fig. 2) , each consisting of one to three sequences, which is consistent with CPS structural data (4). The three cpsH sequences in group 1 shared 85.5 to 91% identity, and the two sequences in groups 4 and 5 shared 75% and 76.7% identity, respectively. Despite the similarities between cpsH sequences within groups, we were able to identify serotype-specific regions, which could be probed to differentiate these closely related serotypes. Therefore, cpsH appears to be an appropriately variable, serotype-specific region within the cps gene cluster for use as the targeted gene for differentiation of GBS serotypes.
Optimization of multiplex PCR. Initially, we used the same concentration (140 nM) for all 13 primers, but we could not consistently achieve expected signals after hybridization for some serotypes. The multiplex PCR products were tested by gel electrophoresis, which showed that only some of the targeted serotype sequences which produce long fragments were amplified. Therefore, we tested various proportions of the primers which produce amplicons of short and long fragments in ratios of 1:2, 1:3, and 1:4. By repeating hybridization and gel electrophoresis, we found that expected signals were achieved consistently when the ratio of primers producing short fragments to primers producing long fragments was approximately 1:3.
Specificity. The DNA microarray was tested initially using 60 GBS isolates, including 9 serotype reference strains and 51 clinical isolates of known serotype, mainly from Australia and New Zealand (Table 1) . Through 242 hybridization reactions, 35 specific probes and 13 primers were selected for use in the microarray. The microarray identified all 60 GBS isolates correctly when results were compared with those of our MS method (15) (Fig. 3) , and it gave negative results for all 7 isolates of other bacterial and fungal species likely to be present in the vagina or to cause bacteremia (Table 3) . Double-blind test. Twenty-eight clinical isolates (shown in Table 1 ) were randomly selected from all strains which were stored in the Centre for Infectious Diseases and Microbiology for double-blind testing in order to prove the stability and veracity of the GBS DNA microarray. After hybridization, we found that 7 isolates are serotype II, 10 isolates are serotype III, 6 isolates are serotype IV, 1 isolate is serotype V, and 4 isolates are serotype VII, which is consistent with MS results.
DISCUSSION
Optimization of multiplex PCR. We found that not only melting temperatures (T m ) and cross-dimer formation between primer pairs but also the concentrations of individual primers in the reaction mixture affected the success of the multiplex PCR. A ratio of 1:3 of primers producing short fragments to primers producing long fragments gave optimal results, probably because primers producing short fragments consume reagents, such as deoxynucleoside triphosphate and Taq DNA polymerase, preferentially unless present in a lower concentration. Two-step multiplex PCR was used in this study. The first step ran without labeling, and the second one ran with labeling. Although this test format prolongs the time of detection, it has many advantages. First, two-step PCR can amplify more amplicons, which enhance the hybridization signal, and in the meantime make the microarray method more sensitive. In addition, if the amplification and labeling of target DNA are finished at the same time, the labeled target DNA must be denatured before hybridization, and the denatured DNA must always be annealed, which would reduce the amount of singlestranded DNA. To avoid such situations, two-step multiplex PCR was selected. In the second step, we used only downstream primers, which produce single-stranded labeled target DNA directly.
Hybridization. The final sets of probes and primers were selected according to the following criteria: the probes were in the amplified region and specific to their corresponding serotype, and there was no significant cross-dimer formation between members of primer pairs. Although the probes and primers were designed to be specific, repeated hybridization was needed to select the best primers and probes for the DNA microarray.
According to a previous report, 15 poly(T) was the best spacer length to ensure high-quality hybridization results (10) . All probes on this DNA microarray have approximately the same T m values and GC contents. There is no obvious relationship between probe length and consistency of hybridization, and probes of the same length do not necessarily hybridize under the same conditions. On the other hand, we found that probes with relatively similar GC contents and T m hybridize consistently under similar conditions. Furthermore, sometimes short labeled single-stranded amplicons are more difficult to hybridize with corresponding probes than the larger ones. This phenomenon is infrequent and may be due to the secondary structure of DNA.
Practicability. We tested the specificity and reproducibility of the microarray with GBS isolates of unknown (at the time of testing) serotype and other bacterial and fungal species likely to be encountered in similar clinical specimens. The results confirmed that cpsH is a suitable gene to identify GBS serotypes and that our GBS DNA microarray, the first of its kind to be described, is a practicable and reliable tool for routine identification and serotyping of GBS.
According to the 2002 Centers for Disease Control and Prevention guidelines, all pregnant women should be screened for GBS at 35 to 37 weeks of pregnancy (http://www.cdc.gov /mmwr/preview/mmwrhtml/rr5111a1.htm). In this study, we did not compare the sensitivity of our method with conventional culture methods for direct detection of GBS. However, we believe that its use for routine screening of vaginal secretions of pregnant women, either directly or after preliminary enrichment, would be feasible. This requires further evaluation. This DNA microarray will certainly be useful for testing GBS isolates in studies of the epidemiology and pathogenesis of GBS infection and vaccine research.
It would be useful to add probes for surface protein antigens to the microarray. A multiplex PCR assay has been reported to identify GBS proteins (5) . In the future it should be practicable to combine multiplex PCR with the DNA microarray to identify both capsular polysaccharide and protein antigens simultaneously. 
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